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(57) A device and a method for continuous higli- 
pressure treatment; the method, comprising the steps 
of increasing the pressure of raw material (25) in a feed 
tank (9) by a pressurizing pump (1 ) so as to continuously 
feed the raw material to treatment containers (6) and 
(6a) and increasing the flow rate of the pressurizing 
pump (1 ) over that of a depressurizing pump (2) or con- 
tinuously exhausting the raw material from the treatment 
containers (6) and (6a) through a pressure regulating 
flow path resistance (59) while depressurizing; the de- 
vice, comprising pressure releasing bypass circuits (55) 
disposed in the flow path resistance (59) in parallel with 
each other, wherein the insldes of the treatment contain- 
ers (6) and (6a) are kept in a specified high-pressure 
state during the continuous processing. 



FIG. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a continuous 
high-pressure processing method and apparatus. More 
particularly, the present invention relates to a novel im- 
provement in a method and apparatus for continuously 
processing, under high pressure, a liquid feedstock hav- 
ing a relatively high viscosity, such as foods, pharma- 
ceuticals and cosmetics made up of oll-and-fat compo- 
sitions, etc, 

BACKGROUND OF THE INVENTION 

[0002] Such a high-pressure processing method has 
so far been practiced by batch processing, continuous 
processing using a throttle, continuous processing us- 
ing a long or thin pipe to generate flow resistance. The 
continuous processing method using a throttle will be 
described below with reference to Fig. 13. Fig. 13 Is a 
block diagram showing one example of conventional 
continuous high-pressure processing apparatus. In Fig. 
1 3, the continuous high-pressure processing apparatus 
comprises a supply tank 9, a pressurizing pump 1, a 
processing container 6 provided with a built-in agitator, 
and a throttle 30, which are arranged successively in 
this order from the upstream end and are Interconnected 
by pipes (piping) 5. A pressure gauge 2 and a safety 
valve 12 are disposed In the pipe 5 between the pres- 
surizing pump 1 andthe processing containers. Further, 
a ripening apparatus 1 4 is disposed at the downstream 
end of the continuous high-pressure processing appa- 
ratus, i.e., downstream of the throttle 30. 
[0003] In the continuous high-pressure processing 
apparatus having the above-described construction, a 
feedstock (comprising plural kinds of raw materials) 25 
Is Introduced to the supply tank 9 where the raw mate- 
rials are mixed under agitation for homogenization. The 
feedstock 25 in the supply tank 9 Is sucked by the pres- 
surizing pump 1 and delivered to the processing con- 
tainer 6 under pressure. In the processing container 6, 
the feedstock 25 Is agitated while being maintained In 
the state pressurized to a predetermined level of high 
pressure, whereby the feedstock is subjected to 
processing such as sterilization and pressure crystalli- 
zation. The feedstock 25 resides in the processing con- 
tainer 6 for a predetermined period of time so that it Is 
uniformly processed under high pressure, and is then 
continuously discharged into the ripening apparatus 14 
through the throttle 30. The pressure In the processing 
container 6 Is maintained by both the pressurizing pump 
1 and the throttle 30 for throttling a flow in the pipe 5 
downstream of the processing container 6, and its 
measured value is indicated by the pressure gauge 2. 
The pressure in the processing container 6 and the re- 
siding time of the feedstock 25 are maintained at respec- 
tive predetermined values by adjustably controlling the 



opening degree of the throttle 30, the rotational speed 
of the pressurizing pump 1 , or both of them at the same 
time. If the pressure in the piping between the pressu- 
rizing pump 1 and the throttle 20 is increased to an ab- 

5 normal level, the safety valve 1 2 is operated to release 
an abnormally excessive pressure. 
[0004] The conventional processing methods men- 
tioned above have problems as follows. 
[0005] The batch processing has low productivity, has 

10 poor efficiency, and Is difficult to implement as process- 
ing in an enclosed system. 

[0006] Also, the batch processing entails works to be 
carried out in a manner open to the environment, and 
therefore has a difficulty in hygienic management in 
15 manufacture of foods and pharmaceuticals. 

[0007] In the continuous processing method employ- 
ing a throttle to hold the high-pressure state, a large 
amount of shearing energy is produced In a portion 
where a flow is throttled, thus causing dispersion of a 
20 flowing material under processing, which leads to de- 
struction and change of components of the flowing ma- 
terial. As a result, liquid products obtained by the high- 
pressure processing are often no longer usable. 
[0008] Further, in the continuous processing method 
25 using a thin or long pipe to produce flow resistance, 
when physical properties (compositions) of a flowing 
material (semi-liquid material) are changeable, it is dif- 
ficult to make control so as to achieve a target pressure 
because viscosity is greatly changed depending on tem- 
30 peratu re changes. This method Is also Impractical in that 
a flow passage is clogged upon a slight change in com- 
ponents of the liquid material or operating conditions. 
[0009] Another problem Is that since driving power of 
a high-pressure pump, I.e., high-pressure flow energy, 
35 is changed Into velocity energy at the throttle or thermal 
energy due to line resistance, greater driving power Is 
required and hence the operating cost is increased. 
[0010] With the view of overcoming the above-de- 
scribed problems In the state of the art, it Is an object of 
40 the present invention to provide a continuous high-pres- 
sure processing method and apparatus, which are able 
to continuously perform high-pressure processing of a 
liquid feedstock with stability. 

45 DISCLOSURE OF THE INVENTION 

[0011] To achieve the above object, according to one 
aspect of the present Invention, a continuous high-pres- 
sure processing method comprises the steps of supply- 
50 ing a feedstock continuously from a supply tank to a 
processing container through a pressurizing pump; dis- 
charging the processed feedstock from the processing 
container through a depressurlzing pump disposed In 
piping; and setting a first delivery rate of the pressurizing 
55 pump to be larger than a second delivery rate of the de- 
pressurizing pump, whereby the interiors of the process- 
ing container and the piping are maintained in a high- 
pressure state. 
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[0012] Preferably, the method further comprises the 
step of coupling drive shafts of the pressurizing pump 
andthedepressurizing pumpto each other in a mechan- 
ically or electrically controllable manner. 
[0013] Preferably, the method further comprises the 
steps of connecting the pressurizing pump and the de- 
pressurizing pump to a main drive motor and a driving 
distributor, providing a speed regulator in one down- 
stream branch from the driving distributor, and setting a 
first driving speed of the pressurizing pump to be higher 
than a second driving speed of the depressurizing 
pump. 

[0014] Preferably, the method further comprises the 
steps of connecting the pressurizing pump and the de- 
pressurizing pump to a main drive motor and a driving 
distributor, providing an auxiliary pressurizing pump, 
which has a smaller delivery rate than the pressurizing 
pump, in parallel to the pressurizing pump, and connect- 
ing a delivery portion of the auxiliary pressurizing pump 
to the outlet side of the pressurizing pump. 
[0015] Preferably, the method further comprises the 
steps of connecting the pressurizing pump and the de- 
pressurizing pump to one main drive motor in series, 
providing an auxiliary pressurizing pump, which has a 
smaller delivery rate than the pressurizing pump, in as- 
sociation with the pressurizing pump, and connecting a 
delivery portion of the auxiliary pressurizing pump to the 
outlet side of the pressurizing pump. 
[0016] Preferably, the method further comprises the 
steps of attaching a pressure sensor to the piping, and 
controlling the high-pressure state in accordance with a 
pressure signal from the pressure sensor. 
[0017] Preferably, the method further comprises the 
steps of connecting the pressurizing pump and the de- 
pressurizing pump to one main drive motor through a 
driving distributor, and constituting any of the pressuriz- 
ing pump and the depressurizing pump to be of the var- 
iable displacement type. 

[0018] Preferably, the method further comprises the 
steps of connecting the pressurizing pump to one main 
drive motor through a driving distributor, connecting any 
of the depressurizing pump and the pressurizing pump 
to the driving distributor through a gearbox, and setting 
a gear ratio of the gear box such that delivery rates of 
both the pumps are In match with each other. 
[0019] Preferably, the method further comprises the 
steps of driving the pressurizing pump by a main drive 
motor, driving the depressurizing pump by a second mo- 
tor independent of the main drive motor, and supplying 
power from the second motor, as electrical energy, to 
the main drive motor. 

[0020] Preferably, the method further comprises the 
step of heating or cooling the processing container. 
[0021 ] Preferably, in the method, the feedstock is any 
of foods and pharmaceuticals. 

[0022] Also, a continuous high-pressure processing 
apparatus comprises a pressurizing pump for supplying 
a feedstock continuously from a supply tank to a 



processing container; a depressurizing pump disposed 
in piping downstream of the processing container; and 
a control unit for controlling delivery rates of both the 
pumps, the control unit controlling a first delivery rate of 
5 the pressurizing pump to be larger than a second deliv- 
ery rate of the depressurizing pump. 
[0023] Preferably, the control means comprises a 
driving distributor connected between both the pumps 
and a main drive motor, and a speed regulating motor 
10 connected to the driving distributor. 

[0024] Preferably, the control means comprises a 
driving distributor connected between the pressurizing 
pump and a main drive motor, the depressurizing pump 
being connected to the driving distributor, and an auxil- 
15 lary pressurizing pump connected in parallel to the pres- 
surizing pump and having a smaller delivery rate than 
the pressurizing pump, a delivery portion of the auxiliary 
pressurizing pump being connected to the outlet side of 
the pressurizing pump. 
20 [0025] Preferably, the pressurizing pump and the de- 
pressurizing pump are connected in series to the main 
drive motor, and the control means comprises an auxil- 
iary pressurizing pump connected in parallel to the pres- 
surizing pump, a delivery portion of the auxiliary pres- 
25 surizing pump being connected to the outlet side of the 
pressurizing pump. 

[0026] Preferably, the control means comprises a 
driving distributor for connecting the pressurizing pump 
and the depressurizing pump to a main drive motor, any 
30 of the pumps being of the variable displacement type. 
[0027] Preferably, the control means comprises a 
second motor for driving the depressurizing pump, the 
second motor being independent of a main drive motor 
for driving the pressurizing pump, and a control line for 
35 supplying powerfrom the second motor, as electrical en- 
ergy, to the main drive motor. 

[0028] Preferably, the processing container includes 
a heating unit and/or a cooling unit. 
[0029] Preferably, the apparatus further comprises a 
40 pressure sensor attached to the piping. 

[0030] Further, the method preferably further com- 
prises the steps of attaching a plurality of pressure sen- 
sors to the piping, and employing a pressure signal from 
any of the pressure sensors. 
45 [0031] Preferably, the method further comprises the 
steps of driving the pressurizing pump by a main drive 
motor, driving the depressurizing pump by a second mo- 
tor independent of the main drive motor, and recovering 
power from the second motor as electrical energy or 
50 saving the power for economy of energy. 

[0032] Preferably, the method further comprises the 
step of providing a throttle valve and/or a line resistance 
in part of the piping, thereby reducing a load imposed 
on the depressurizing pump. 
55 [0033] Still further, in the apparatus, the control 
means preferably comprises a second motor for driving 
the depressurizing pump, the second motor being Inde- 
pendent of a main drive motor for driving the pressuriz- 
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ing pump, and a control line and an amplifier for recov- 
ering power from the second motor as electrical energy 
or saving the power for economy of energy. 
[0034] According to a second aspect of the present 
invention, a continuous high-pressure processing meth- 
od comprises the steps of pressurizing a feedstock In a 
supply tank by a pressurizing pump and supplying the 
feedstock continuously to a processing container; dis- 
charging the processed feedstock continuously from the 
processing container through a flow resistance under 
depressurlzatlon, the flow resistance being able to ad- 
just pressure; and providing a pressure-release bypass- 
ing circuit in parallel to the flow resistance, whereby the 
Interior of the processing container is maintained in a 
state under a predetermined high pressure for continu- 
ous processing therein. 

[0035] Preferably, the method further comprises the 
step of adjusting a temperature of the processing con- 
tainer to heat or cool the feedstock In the processing 
container. 

[0036] Preferably, the method further comprises the 
step of cooling the processed feedstock In a cooling con- 
tainer downstream of the flow resistance. 
[0037] Preferably, the method further comprises the 
steps of providing a plurality of processing containers 
connected to each other in series, and providing the flow 
resistance and the pressure- release bypassing circuit 
between the processing containers, whereby the Interi- 
ors of the processing containers are maintained in 
states under high pressures changing step by step. 
[0038] Preferably, the method further comprises the 
steps of providing the flow resistance In the form of a 
line designed to have a specific pipe length and/or pipe 
diameter, and switching on/off a plurality of valves dis- 
posed in the line to change the length of the line for 
changing a resistance value, whereby the interior of the 
processing container is maintained in a state under the 
predetermined high pressure. 

[0039] Preferably, in the method, the flow resistance 
is constituted as a throttle valve. 
[0040] Preferably, the method further comprises the 
step of controlling a resistance value of the flow resist- 
ance in accordance with a pressure signal from a pres- 
sure sensor attached to the processing container or a 
piping connected to the processing container, whereby 
the interior of the processing container is maintained in 
a state under a predetermined high pressure. 
[0041] Moreover, a continuous high-pressure 
processing apparatus comprises a supply tank for stor- 
ing a feedstock and agitating the feedstock therein for 
homogenization; a pressurizing pump for sucking the 
feedstock In the supply pump and supplying the sucked 
feedstock continuously to a processing container under 
pressure; the processing container for holding the feed- 
stock to reside therein in a high-pressure state for a pre- 
determined period of time wh lie the feedstock Is agitated 
for homogenization; a flow resistance for discharging 
the processed feedstock continuously from the process- 



ing container under depressurization, the flow resist- 
ance being able to adjust pressure; a pressure-release 
bypassing circuit provided in parallel to the flow resist- 
ance; and piping connected to the processing container, 

5 whereby the interior of the processing container is main- 
tained In a state under a predetermined high pressure 
for continuous processing therein. 
[0042] Preferably, the processing container has the 
temperature adjusting function to heat or cool the feed- 

10 stock in the processing container. 

[0043] Preferably, the apparatus further comprises a 
cooling container downstream of the flow resistance to 
cool the processed feedstock. 

[0044] Preferably, in the apparatus, a plurality of 
15 processing containers are connected to each other in 
series, and the flow resistance and the pressure-release 
bypassing circuit are provided between the processing 
containers, whereby the interiors of the processing con- 
tainers are maintained in states under high pressures 
20 changing step by step. 

[0045] Preferably, the flow resistance comprises a 
line designed to have a specific pipe length and/or pipe 
diameter, and a plurality of valves disposed in the line, 
the valves being switched on/off to change a resistance 
25 value, whereby the interior of the processing container 
is maintained in a state under a predetermined high 
pressure. 

[0046] Preferably, In the apparatus, the flow resist- 
ance is constituted as a throttle valve. 

30 [0047] Preferably, the apparatus further comprises a 
pressure sensor attached to the processing container 
or a piping connected to the processing container, a re- 
sistance value of the flow resistance being controlled in 
accordance with a pressure signal from the pressure 

35 sensor, whereby the interior of the processing container 
is maintained in a state under a predetermined high 
pressure. 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0048] 

Fig. 1 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a first em- 

45 bodiment of the present invention; 

Fig. 2 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a second 
embodiment of the present invention; 
Fig. 3 is a block diagram of a continuous high-pres- 

50 sure processing apparatus according to a third em- 
bodiment of the present invention, which a modifi- 
cation of the second embodiment shown in Fig. 2; 
Fig. 4 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a fourth 

55 embodiment of the present Invention; 

Fig. 5 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a fifth em- 
bodiment of the present invention; 
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Fig. 6 is a block diagram of a continuous liigh-pres- 
sure processing apparatus according to a sixth em- 
bodiment of the present invention; 
Fig. 7 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a seventh 
embodiment of the present invention; 
Fig. 8 is a block diagram of a continuous high-pres- 
sure processing apparatus according to an eighth 
embodiment of the present invention; 
Fig. 9 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a ninth em- 
bodiment of the present invention; 
Fig. 1 0 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a tenth em- 
bodiment of the present invention; 
Fig. 1 1 is a block diagram of a continuous high-pres- 
sure processing apparatus according to an elev- 
enth embodiment of the present invention; and 
Fig. 1 2 is a block diagram of a continuous high-pres- 
sure processing apparatus according to a twelfth 
embodiment of the present invention. 
Fig. 13 is a block diagram showing one example of 
conventional continuous high-pressure processing 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

EMBODIMENT! 

[0049] Preferred embodiments of a continuous high- 
pressure processing method and apparatus of the 
present invention will be described below with reference 
to the drawings. 

[0050] Note that components identical or equivalent 
to those in the conventional apparatus are denoted by 
the same numerals in the following description. To begin 
with, a first embodiment of the present invention will be 
described with reference to Fig. 1 . 
[0051] In the first embodiment of Fig. 1 , the present 
invention is applied to a production line for an oil-and- 
fat composition. Numeral 9 denotes a supply tank for 
storing feedstock 25 of food. The feedstock 25 is agitat- 
ed by an agitator 9a in the supply tank 9 and is supplied 
to a pressurizing pump 1. The pressurizing pump 1 is 
connected to a depressurizing pump 2 and then to a rip- 
ening apparatus 14 through pipes (piping) 5 and a pair 
of processing containers 6, 6a. Pressure sensors 8, 8a 
and a safety valve 1 2 are connected to the piping 5. The 
processing containers 6, 6a are, though not shown in 
detail, constructed to be able to heat and cool their inner 
spaces. 

[0052] A drive shaft 1 A of the pressurizing pump 1 and 

a drive shaft 2A of the depressurizing pump 2 are con- 
nected to a well-known driving distributor 10 through a 
first gear unit 1 a and a second gear unit 2a, respectively. 
A main drive motor 3 is coupled to the second gear unit 
2a, and a speed regulating motor 1 5 is coupled to a sec- 



ond gear 10b of the driving distributor 10. The second 
gear 10b and the speed regulating motor 15 coopera- 
tively constitute a speed regulator 4. 
[0053] Furthermore, the speed regulator 4 and the 
5 driving distributor 10 cooperatively constitute a control 
means 100 for controlling speeds, i.e., delivery rates 
(flow rates), of the pumps 1, 2. During operation, the 
pumps 1 , 2 are controlled by the control means 1 0 such 
that a first delivery rate of the pressurizing pump 1 is set 
to be larger than a second delivery rate of the depres- 
surizing pump 2. As a result, the interiors of the process- 
ing containers 6, 6a and the piping 5 are held in the state 
under a predetermined high-pressure. 
[0054] The operation of this first embodiment will now 
be described. 

[0055] In the production line for an oil-and-fat compo- 
sition shown in Fig. 1 , edible oils and fats, listed below, 
and other raw materials are employed as the feedstock 
25. The usable edible oils and fats are those ones usu- 
ally employed in oil-and-fat processed products, e.g., 
natural oil (such as animal oil, vegetable oil and milk fat) 
and hydrogenated oil thereof, fractional oil and hydro- 
genated oil thereof, interesterification oil, and randomi- 
zation oil in the sole or mixed form. These oils and fats 
are used either alone or as a W/O emulsion emulsified 
with water. Further, the feedstock may be mixed with 
other additives such as flavor ingredients, essences, nu- 
trients, emulsifiers, viscosity improvers, and antioxi- 
dants. 

[0056] Those materials are introduced as the feed- 
stock 25 to the supply tank 9 and mixed by the agitator 
9a. 

[0057] The delivery rates (flow rates) of the pressuriz- 
ing pump 1 and the depressurizing pump 2 are selected 
to be substantially equal to each other. 
[0058] The pair of processing containers 6, 6a dis- 
posed midway the piping 5 extending between the pres- 
surizing pump 1 and the depressurizing pump 2 each 
have the functions of cooling and agitating the feedstock 
25. The feedstock 25 is agitated with rotation of an in- 
ternal doctor blade (not shown) so that the feedstock 25 
is uniformly cooled. The feedstock 25 passes the pair of 
the processing containers 6, 6a successively while be- 
ing agitated and cooled for continuous processing in the 
state of under high pressure of about 40 MPa (in the 
range of 10 MPa - 150 MPa). 

[0059] The processed feedstock 25 having viscosity 
increased with cooling passes through the depressuriz- 
ing pump 2 and then enters the ripening apparatus 14 
in which it is extruded into the sheet- or block-like form 
and packaged as final products. 
[0060] During the operation, as described above, the 
pressure in the piping 5 and the processing containers 
6, 6a between the pressurizing pump 1 and the depres- 
surizing pump 2 is increased by reducing the delivery 
rate of the depressurizing pump 2 as compared with the 
delivery rate of the pressurizing pump 1 . Specifically, the 
rotational speed of the depressurizing pump 2 is re- 
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duced by the speed regulator 4 that is constituted as 
part of the driving distributor 10. The driving distributor 
1 0 is constituted by a well-known mechanism that ena- 
bles the speed to be controlled as desired, such as dif- 
ferential gears, a differential harmonic drive device, or 
a cone-type Bayer transmission. The speed control is 
made by adjusting the rotational speed of the speed reg- 
ulating motor 15. 

[0061] As the delivery rate of the depressurizing pump 
2 reduces, the flow in the piping 5 downstream of the 
depressurizing pump 2 is restricted (throttled) to in- 
crease the pressure in the piping 5, etc, An internal leak 
of each pump 1 , 2 is increased with a pressure increase, 
but the pressure in the piping 5, etc. is balanced at an 
increased level. Although the internal leak differs de- 
pending on the type and size of the pump used, it is ap- 
proximately 10 % under pressure of 40 MPa when a 
gear pump with power of 11 kW is used. Note that the 
internal leak is reduced by increasing the entire appa- 
ratus size and employing a larger pump. 
[0062] When the pressurizing pump 1 and the depres- 
surizing pump 2 are constituted by gear pumps, the de- 
pressurizing pump 2 acts as a gear motor because of 
the inlet (suction) side of the depressurizing pump 2 be- 
ing subjected to a higher pressure, and torque of the 
gear motor is transmitted to the pressurizing pump 1 
through the driving distributor 10. In practice, the de- 
pressurizing pump 2 is constituted by using an ordinary 
pressurizing pump and installing it such that its delivery 
side is connected to the pipe on the suction side, where- 
by the installed pump is rotated in a reverse direction to 
the normal case and acts as a motor. As a result, the 
power of the main drive motor 3 required for driving the 
pumps 1 , 2 is reduced as compared with that required 
in the conventional apparatus in which the depressuriz- 
ing pump is not employed. 

[0063] Further, the pressures at different points of the 
piping 5 are detected by pressure sensors 8, 8a at- 
tached to the respective pipes, and are adjusted by con- 
trolling the speed of the speed regulating motor 15. 
[0064] Generally, an internal leak of a pump is in- 
creased as pressure nses, and a pump delivery rate is 
reduced with a pressure rise. Also, since even a liquid 
is compressive, a liquid volume is contracted under high 
pressure and a pump delivery rate is reduced. Assum- 
ing, for example, a system in which a multistage (three- 
stage) gear pump with power of 20 kW is used to feed 
at a delivery pressure of 40 MPa a feedstock having a 
viscosity comparable to an ordinary lubricating oil, the 
pump delivery rate is reduced down to 88 % of that ob- 
tained at a delivery pressure of 0.5 MPa. When using a 
depressurizing pump constituted by a (three-stage) 
gear pump having the similar structure and type, the de- 
pressurizing pump also produces an internal leakto the 
same extent as in the above case. To maintain the high 
pressure in the piping 5, therefore, the internal leak of 
about 12 % produced in the depressurizing pump 2 is 
also compensated by control of the speed regulator 4. 



The speed regulator 4 is controlled so as to speed up 
the pressurizing pump 1 or slow down the depressuriz- 
ing pump 2. In this system, such speed control of the 
pump is made at a rate of 12 % when both the pumps 
5 are adjusted, or 24 % when one pump is adjusted, in 
order to compensate for the internal leaks of the two 
pumps. This rate of the speed control is reduced by us- 
ing a pump that produces a smaller amount of internal 
leak. Also, as the viscosity of the feedstock increases, 
10 the internal leak produced in each pump is reduced and 
the rate of the speed control is also reduced. Further, by 
using a plunger-type pump as the pressurizing pump 1 , 
the internal leak during pressurization becomes smaller 
than the case of using a gear pump, and a reduction of 
15 the overall flow rate is kept at a lower level. 

[0065] In actual operation, the feedstock 25 in the 
supply tank 9 is fed into the line by energizing the main 
drive motor 3 for the pressurizing pump 1 , and in sync 
with the startup of the motor 3, the speed regulating mo- 
20 tor 1 5 is driven so as to rotate the depressurizing pump 
2 at a lower speed than the pressurizing pump 1 . The 
pressure in the piping 5 is gradually increased. The 
pressure in the piping 5 is detected by the pressure sen- 
sor 8 and is adjusted to a setting value under control of 
25 the speed regulating motor 1 5. The pressure in the pip- 
ing 5 may be detected for adjustment at any desired 
point along the line; that is, it may be detected by the 
pressure sensor 8a, for example. 
[0066] The overall flow rate can be changed by regu- 
30 lating the speed of the main drive motor 3 if necessary. 
By slowly changing the overall flow rate, the pressure in 
the piping 5 can be maintained at a desired high pres- 
sure so as to follow the setting value by controlling the 
motor 1 5 of the speed regulator 4, because it is detected 
35 by the pressure sensor 8. 

[0067] An air purge valve 1 3 purges air from the piping 
5 and the safety valve 12 prevents an excessive pres- 
sure rise for protection of the apparatus. 
[0068] Each of the processing containers 6, 6a is a 
40 containerwith the cooling and agitating functions, as de- 
scribed above, and processes an oil-and-fat composi- 
tion in the state under high pressure for crystallization 
under cooling (pressure crystallization). The agitating 
speed and the cooling rate are changed depending on 
45 the degree of crystallization. 

[0069] The driving mechanism of each pump 1 , 2 are 
designed to have such a rigidity that the driving mech- 
anism will not undergo hunting (vibration) due to chang- 
es of the pressure in the piping 5. 
50 [0070] Further, the control of the speed regulator 4 is 
also performed with a control loop gain reduced so as 
to avoid hunting of the line pressure. 
[0071] The arrangement shown in Fig. 1 can be mod- 
ified in various ways as follows. 
55 [0072] The pressurizing pump 1 may be sped up to 
provide a speed difference between the pumps 1 and 2. 
[0073] The pressurizing pump 1 may be any of vari- 
ous types of pumps such as piston, plunger and gear 
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pumps. 

[0074] The depressurizing pump 2 may be any of a 
piston pump (using a swash plate), an inscribed gear 
pump, a circumscribed gear pump, etc. which can also 
be used as motors. 

[0075] Since the depressurizing pump 2 is used to 
slowly reduce pressure, it may be of the multistage type. 
[0076] The pumps 1 , 2 may be arranged at any de- 
sired positions along the piping depending on a portion 
that requires a high pressure to be created therein. For 
example, when a high pressure is required only in the 
processing container 6a, the pumps 1, 2 may be ar- 
ranged respectively upstream and downstream of the 
processing container 6a. In this case, another low-pres- 
sure pump 26 may be provided to feed the feedstock to 
the processing container 6. 

[0077] While one pair of pumps 1 , 2 are provided in 
this embodiment, the pumps may be provided in any de- 
sired number of sets depending on the system arrange- 
ment, i.e., the number of processing containers which 
are provided in the system and required to be held under 
high pressure. 

[0078] Preferably, the pumps 1 , 2 are directly coupled 
with each other or arranged in close relation so that the 
length of a drive shaft of each pump to the main drive 
motor 3 is shortened and the driving mechanism is sim- 
plified. This arrangement contributes to reducing the 
size and cost of the apparatus. 

[0079] The main drive motor 3 may be of the double- 
axis type. By using such a double-axis motor, the pumps 
1, 2 can be arranged on both sides of the motor, and 
therefore only the speed regulator 4 is needed because 
the driving distributor 10 is no longer required. 
[0080] While the above description is premised on 
that the delivery rates (flow rates) of the pressurizing 
pump 1 and the depressurizing pump 2 are selected to 
be substantially equal to each other, the delivery rate of 
the depressurizing pump2may be set to a smaller value 
beforehand than that of the pressurizing pump 1 in con- 
sideration of an internal leak of the pump. 
[0081] While the above-described system is con- 
structed using the two processing containers 6, 6a, a 
single or three or more processing containers may be 
provided. 

[0082] The high-pressure state is described above as 
being under a pressure of 40 MPa. However, there is no 
upper limit on the applied pressure, and the present in- 
vention is applicable to even a system brought into the 
state under several hundreds MPa. 
[0083] Additionally, according to the method for pro- 
ducing an oil-and-fat composition under a high-pressure 
condition, the size of crystal particles becomes finer as 
a result of pressure crystallization, and the amount of 
crystals is increased. Thus, such a production method 
is effective in improving a whip property and spreada- 
bility in roll-in applications. 



EMBODIMENT 2 

[0084] A second embodiment of the present invention 
shown in Fig. 2 will be described below. Note that com- 
5 ponents identical or equivalent to those in Fig. 1 are de- 
noted by the same numerals, and only different compo- 
nents are described here. 

[0085] In Fig. 2, a cooling unit 11 0 is provided to sur- 
round an outer periphery of each processing container 
6, 6a and a coolant 11 Oa is supplied to the cooling unit 
110 for cooling. 

[0086] Also, the control means 1 00 in Fig. 2 compris- 
es the pressurizing pump 1 , the depressurizing pump 2, 
a driving distributor 10 provided between the depressu- 
rizing pump 2 and the main drive motor 3, and an aux- 
iliary pressurizing pump 7 which is connected in parallel 
to the pressurizing pump 1 and has a delivery rate small- 
er than that of the pressurizing pump 1 . A delivery por- 
tion 7a ofthe auxiliary pressurizing pump 7 is connected 
to the outlet side 1 a of the pressurizing pump 1 for join- 
ing of both flow rates, and the pressure sensor 8 and 
the safety valve 1 2 are connected to the outlet side 1 a. 
The auxiliary pressurizing pump 7 is driven by a motor, 
and the delivery rate of the auxiliary pressurizing pump 
7 is adjusted such that the joined flow rate produced at 
the outlet side 1a of the pressurizing pump 1 and the 
delivery portion 7a of the auxiliary pressurizing pump 7 
is larger than the flow rate produced by the depressu- 
rizing pump 2. 

[0087] Further, the processing containers 6, 6a are 
each provided with the cooling unit 110 to which the 
coolant 110a is supplied for cooling the interior of the 
processing container, as described above. The pres- 
sure sensor 8a is disposed midway the pipe 5 connect- 
ing the processing containers 6, 6a to each other. 
[0088] A high pressure is maintained in the piping 5 
by controlling the auxiliary pressurizing pump 7 so that 
the feedstock is subjected to continuous high -pressure 
processing such as pressure crystallization. 
[0089] With this second embodiment, the pressuriz- 
ing pump 1 and the depressurizing pump 2 both consti- 
tuting a main drive system can be driven in a simpler 
manner, and the equipment cost can be cut down. 



[0090] Fig. 3 shows a third embodiment of the present 
invention, as a modification of the second embodiment 
shown in Fig. 2, in which the drive shafts of the pumps 
50 1,2 are directly coupled to each other. Although both 
the drive shafts have aligned axes in Fig. 3, they may 
be arranged in parallel or in orthogonal relation by using 
bevel gears. 

[0091] The pumps 1, 2 are installed in directly-cou- 
55 pled (Fig. 3) or close-proximity arrangement so that driv- 
ing mechanisms with the main motor 3 have shorter 
lengths and are simplified. Shorter drive shafts have 
larger torsion rigidity and are less subjected to torsional 
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vibration and resonance caused by changes and varia- 
tions in torque drawn from the main drive motor 3 and 
torque required by the pressurizing pump 1 . As a result, 
a stable operating state is achieved. 
[0092] The pressure in the piping 5 is adjusted by con- 
trolling the speed of the motor 17. The speed control 
may be made by using an inverter-controlled motor or 
a servo motor. The driving capacity of the motor 17 is 
required just to be enough to compensate for the internal 
leak of the pump, and therefore it may be smaller than 
the main drive motor 3. 

[0093] In the third embodiment of Fig. 3, the control 
means 100 is constituted by the auxiliary pressurizing 
pump 7 connected in parallel to the pressurizing pump 
1 that is directly coupled in series to the main drive motor 
3 along with the depressurizing pump 2. 
[0094] The arrangements shown in Figs. 2 and 3 can 
be modified in various ways as follows. 
[0095] The pressurizing pump 1 may be any of vari- 
ous types of pumps such as piston, plunger and gear 
pumps. 

[0096] The depressurizing pump 2 may be any of a 
piston pump (using a swash plate), an inscribed gear 
pump, a circumscribed gear pump, etc. which can also 
be used as motors. 

[0097] When the pressurizing pump 1 and the depres- 
surizing pump 2 are constituted by different types of 
pumps, the gear ratio of the driving distributor 10 may 
be changed to mal<e the rotational speeds of both the 
pumps in match with each other so that the pumps have 
the same delivery rate. 

[0098] Since the depressurizing pump 2 is used to 
slowly reduce pressure, it may be of the multistage type. 
[0099] While the drive shafts of both the pumps 1 , 2 
have aligned axes in Fig. 3, they may be arranged in 
parallel or in orthogonal relation by using bevel gears. 
[0100] The main drive motor 3 may be of the double- 
axis type, and the pressurizing pump 1 and the depres- 
surizing pump 2 may be arranged on both sides of the 
motor. With this arrangement, the driving mechanism 
between each pump and the main drive motor 3 can be 
shortened in length and also simplified. 

EMBODIMENT 4 

[0101] A fourth embodiment of the present invention 
shown in Fig. 4 will be described below. Note that com- 
ponents identical or equivalent to those in Fig. 2 are de- 
noted by the same numerals, and only different compo- 
nents are described here. 

[0102] A low-pressure pump 26 and a temperature 
adjusting unit 27 for cooling are both disposed between 
the supply pump 9 and the pressurizing pump 1 . The 
depressurizing pump 2 is, e.g., a variable displacement 
motor of displaceable piston type that can be also used 
as a motor. Further, the depressurizing pump 2 employs, 
as a pilot pressure, the pressure in the piping 5 on the 
suction side, and the pilot pressure can be adjusted us- 



ing pressure signals from the pressure sensors 8, 8a 
attached to the piping 5. 

[0103] The processing pressure in each of the 
processing containers 6, 6a disposed midway the piping 

5 5 is adjusted to a desired high value by controlling the 
delivery rate of the depressurizing pump 2. 
[0104] A high pressure is maintained in the piping 5 
under the delivery rate control of the depressurizing 
pump 2, and the feedstock is subjected to continuous 

10 high-pressure processing such as pressure crystalliza- 
tion. 

[0105] When the pressurizing pump 1 is of the plunger 
type and the depressurizing pump 2 is of the displace- 
able piston type, the rotational speeds of both the pumps 

15 1,2 are not in match with each other, and hence a 
speed-up or slow-down gear box 24 for changing a 
speed ratio between the pumps 1 and 2 is disposed be- 
tween the main drive motor 3 and the depressurizing 
pump 2. The gear ratio of the gear box 24 is then select- 

20 ed such that the delivery rates of the two pumps 1 , 2 are 
in match with each other. 

[0106] With this fourth embodiment, the pressurizing 
pump 1 and the depressurizing pump 2 both constituting 
a main drive system can be driven in a simpler manner, 

25 and the equipment cost can be cut down. 

[0107] Incidentally, the auxiliary pressurizing pump 7 
used in Figs. 2 and 3 are not needed. 
[0108] Furthermore, temperature adjusting units 27, 
27a are provided, as preprocessing apparatus as a low 

30 pressure, prior to the piping 5 that is brought into the 
high-pressure state, A coolant 23 is separately intro- 
duced to the temperature adjusting units 27, 27a 
through a plurality of paths for precise temperature ad- 
justment in each unit. 

35 [0109] The low-pressure pump 26 is constituted by a 
low-pressure centrifugal pump. The control means 100 
in Fig. 1 comprises the driving distributor 10 provided 
between the pressurizing pump 1 and the main drive 
motors, and the gear box 24 provided between the driv- 

40 ing distributor 10 and the depressurizing pump 2. 

[0110] Moreover, the piping 5 brought into the high- 
pressure state is restricted to extend over the least nec- 
essary length, and the equipment cost is cut down. 
[0111] The operation of this fourth embodiment will 

45 now be described. 

[0112] A feedstock (comprising plural kinds of raw 
materials) 25 is mixed and dispersed under agitation in 
the supply tank 9 at a relatively high temperature. The 
feedstock 25 is then introduced to the temperature ad- 

50 justing units 27, 27a from the supply tank 9 by the low- 
pressure pump (e.g., centrifugal pump) 26. The temper- 
ature of the feedstock 25 is measured by a temperature 
sensor T1 and, as described above, the coolants 23 are 
supplied to the temperature adjusting units 27, 27a 

55 through a plurality of paths for precise temperature ad- 
justment in each unit. Because it is not required to per- 
form the temperature adjustment of the feedstock under 
high pressure, this section of the system is constituted 
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by low-pressure equipment. 

[0113] Then, the feedstock is supplied to and proc- 
essed in the processing containers 6, 6a provided mid- 
way the piping 5 as follows. 

[0114] The feedstock 25 having been cooled to an ad- 
justed temperature is fed into the piping 5 with rotation 
of the pressurizing pump 1 driven by the main drive mo- 
tor 3. Since the depressurizing pump 2 is designed to 
operate with the suction-side pressure used as a pilot 
pressure, the delivery rate of the depressurizing pump 
2 is smaller than that of the pressurizing pump 1 and the 
pressure in the piping 5 is gradually increased until the 
pressure reaches a setting value, 
[01 1 5] When the piping 5 is brought into the state un- 
der high pressure, the depressurizing pump (motor) 2 
starts to rotate as a motor with the pressure applied from 
the feedstock 25. Thus, the depressurizing pump 2 is 
rotated as a motor while maintaining the high pressure 
in the piping 2, whereas the produced motor power is 
suppliedtothepressurizingpump 1 through the gearbox 
24. Furthermore, the pressure in the ripening apparatus 
14 is held at about 1 MPaforthe ripening process under 
low pressure. 

[01 1 6] The arrangement shown in Fig. 4 can be mod- 
ified in various ways as follows. 

[0117] The pressurizing pump 1 may be any of vari- 
ous types of pumps such as piston, plunger and gear 
pumps. 

[01 1 8] The depressurizing pump 2 may be any of oth- 
er types of pumps in addition to a piston pump (using a 
swash plate), so long as it can also be used as a motor. 
[0119] An additional low-pressure pump may be dis- 
posed at the inlet of the ripening apparatus 14 down- 
stream of the depressurizing pump 2. This arrangement 
is effective to stabilize the pressure adjusting function 
of the depressurizing pump 2 and to avoid pressure var- 
iations in the ripening apparatus 14 from affecting the 
pressure in the piping 5. 

[0120] Further, while the depressurizing pump 2 is de- 
scribed above as being of the variable displacement 
type, the pressurizing pump 1 may be constituted as a 
variable displacement pump instead. In the case of us- 
ing a feedstock that changes In the processing contain- 
er, the pressurizing pump 1 is preferably constituted as 
a variable displacement pump. This is because the vis- 
cosity of the feedstock becomes more stable and the 
pressure control becomes easier to implement. 

EMBODIMENT 5 

[0121] A fifth embodiment of the present invention 
shown in Fig. 5 will be described below. Note that com- 
ponents identical or equivalent to those in Fig. 1 are de- 
noted by the same numerals, and only different compo- 
nents are described here. 

[0122] The pressurizing pump 1 issolely driven by the 
main drive motor 3 that is of the inverter-controlled type, 
and the depressurizing pump 2 is driven by a second 



motor 1 8 that is also of the inverter-controlled type and 
independent of the main drive motor 3. 
[0123] A control line 19 extending from a control sys- 
tem (not shown) is connected to the main drive motor 3, 
5 and another control line 21 connects the main drive mo- 
tor 3 and the second motor 18. The high-pressure 
processing, such as pressure crystallization, is thus 
continuously carried out while taking outthe power from 
the second motor 18 as electrical energy and utilizing it 
as the power of the main drive motor 3 for pressuriza- 
tion. 

[0124] Also, the rotation of the second motor 18 is 
controlled in accordance with a pressure signal from the 
pressure sensor 8, which is taken in through a signal 
line 20. 

[0125] When taking out, as electrical energy, the pow- 
er from the second motor 18 for depressurization, the 
energy is not always recovered depending on the selec- 
tion of the motor and the setup of the control system. In 
any case, however, the second motor 18 requires a 
much smaller amount of electrical energy than required 
by the main dhve motor 3 for the pressurizing pump 1 . 
[0126] Incidentally, an amplifier for the second motor 
18 has a regeneration terminal through which a regen- 
eration current is taken out to the outside. 
[0127] The depressurizing pump 2 is connected to the 
piping 5 in such a condition that the suction side is sub- 
jected to a higher pressure and the delivery side is sub- 
jected to a lower pressure. Therefore, the control means 
1 00 is constituted by the main drive motor 3 of the pres- 
surizingpump 1 and the second motor 18 of the depres- 
surizing pump 2. 

[0128] A first example of the operation of the fifth em- 
bodiment shown in Fig. 5 will now be described. Herein, 
the main drive motor 3 of the pressurizing pump 1 and 
the second motor 18 of the depressurizing pump 2 are 
inverter-controlled motors. 

[0129] The feedstock 25 is fed into the piping 5 from 
the supply tank 9 with rotation of the pressurizing pump 
1 driven by the main drive motor 3. By setting the deliv- 
ery rate of the depressurizing pump 2 to be smaller than 
that of the pressurizing pump 1 , the pressure in the pip- 
ing 5 is gradually increased. 

[0130] When the piping 5 is brought into the state un- 
der high pressure, the second motor 1 8 starts to rotate 
as a motor with the pressure applied from the feedstock 
25, and the generated power is recovered as electrical 
energy by the second motor 1 8. The recovered electrical 
energy is supplied to the main drive motor 3, whereby 
the feedstock is promoted to flow toward the delivery 
side of the pressurizing pump 1 . 
[01 31 ] Next, a second example of the operation of the 
fifth embodiment shown in Fig. 5 will be described. In 
the arrangement of Fig. 5, at least the second motor 18 
of the depressurizing pump 2 is constituted as a servo 
motor. The pressure in the piping 5, which depends on 
the rotational speed of the servo motor, is detected by 
the pressure sensor 8 attached to the piping 5, and the 
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rotational speed of the second motor 18 is electrically 
controlled in accordance with the value of a pressure 
signal from the pressure sensor 8. The main drive motor 
3 of the pressurizing pump 1 is constituted by an ordi- 
nary inverter-controlled motor so as to provide stable 
and strong rotation. 

[0132] With this second example of the operation, me- 
chanical hardware is simplified and the rotation control, 
i.e., the control of the pressure in the piping 5, is per- 
formed using the known control technology that has 
been remarkably developed in recent days. 
[0133] The rotation control of the main drive motor 3 
is performed in accordance with a flow rate command 
value applied from the outside (through the control line 
19), and the rotation control of the second motor 18 is 
performed in accordance with both a flow rate command 
value applied from the outside (through the control line 
21) and the pressure signal applied from the pressure 
sensor 8 (through the signal line 20). 
[0134] Next, a third example of the operation of the 
fifth embodiment shown in Fig. 5 will be described. This 
third example of the operation is basically similar to the 
above-described second example of the operation ex- 
cept for the following points. 

[0135] The motors 3, 1 8 in Fig. 5 are each constituted 

as a servo motor. 

[0136] The overall flow rate of the feedstock (overall 
delivery rate) is adjusted by controlling the speed of the 
main drive motor 3 in accordance with a flow rate com- 
mand value applied from the outside (through the con- 
trol line 19). 

[0137] The pressure in the piping 5 is detected by the 
pressure sensor 8, 8a or 8b and is adjusted by electri- 
cally controlling the rotational speed ofthesecond motor 
18 in accordance with the value of a pressure signal 
from the pressure sensor 8, 8a or 8b. More specifically, 
a speed difference between both the motors 3, 1 8 is de- 
tected by encoders (though not shown, well-known 
speed and rotation detectors) built in the motors 3, 18, 
and the speed difference is precisely servo-controlled 
to thereby control the speed of the second motor 1 8. In 
this case, the speed of the main drive motor 3 is em- 
ployed as a reference one, and therefore the speed of 
the second motor 1 8 is made variable. 
[0138] When the pressure in the piping 5 is lowerthan 
the setting value, the speed of the second motor 18 is 
reduced to raise the pressure in the piping 5. Converse- 
ly, when the pressure in the piping 5 is higher than the 
setting value, the speed of the second motor 18 is in- 
creased to lower the pressure in the piping 5. In the latter 
case, the control line 21 is employed. 
[0139] Further, when varying the overall flow rate, the 
speed of the main drive motor 3 is slowly changed. At 
this time, since the pressure in the piping 5 is adjusted 
based on the speed difference between the drive shafts 
of the pumps 1 , 2, the speed of the second motor 1 8 is 
also changed following the change in the speed of the 
main drive motor 3. As a result, the overall flow rate is 



varied while the pressure in the piping 5 is maintained 
at the same level. 

[01 40] Generally, in spite of the flow rate being varied, 
the amount of internal leak in each pump is kept sub- 

5 stantially constant if the pressure in the piping 5 is con- 
stant. Thus, when the overall flow rate is varied, the 
speeds of the two motors 3, 1 8 are changed while the 
speed difference between them is kept constant. 
[0141] The operation of this fifth embodiment is equiv- 

10 alent to the case where the speed regulator 4 in the first 
embodiment of Fig. 1 is electrically constructed using a 
servo motor. 

[0142] In the second and third examples of the oper- 
ation described above, a command for the entire flow 
15 rate may be instructed to the second motor 2, and the 
speed of the main drive motor 3 may be changed in a 
following manner. 

[0143] While the pressure sensors 8, 8a are disposed 
in the embodiments of Figs. 1 , 2 and 4, another pressure 
20 sensor 8b may be additionally attached to the piping 2 
as shown in Fig. 6. The pump control may be performed 
using a pressure signal from any one the pressure sen- 
sors 8, 8a, 8b. 

[0144] Additionally, an experiment was conducted on 
25 the first embodiment of Fig. 1 by using the main drive 
motor 3 of 5.5 kW underpressure of 35 MPa. An exper- 
iment result revealed that the required power of the main 
drive motor 3 was reduced down to 2/3. 
[0145] Also, the expression "reducing the delivery 
30 rate of the depressurizing pump 2" in the first embodi- 
ment of Fig. 1 , for example, means that the speed of the 
pump shaft is reduced, not taking into account the inter- 
nal leak of the pump. The actual flow rates of the feed- 
stock passing through the pressurizing pump 1 and the 
35 depressurizing pump 2, including the internal leak in 
each pump, are the same in an equilibrium condition. 

EMBODIMENT 6 

40 [0146] A sixth embodiment of the present invention 
shown in Fig. 6 will be described below. The sixth em- 
bodiment of Fig. 6 is a modification of the above-de- 
scribed fifth embodiment shown in Fig. 5. 
[0147] Note that components identical or equivalent 

45 to those in Fig. 5 are denoted by the same numerals, 
and only different components are described here. 
[0148] The pressurizing pump 1 issolely driven by the 
main drive motor 3 that is of the inverter-controlled type, 
and the depressurizing pump 2 is driven by a second 

50 motor 1 8 that is also of the inverter-controlled type and 
independent of the main drive motor 3. 
[0149] An amplifier 51 (inverter) in a control panel 200 
is connected to the main drive motor 3 via a control line 
1 9 (drive line for controlling the motor rotational speed). 

55 Further, the main drive motor 3 and the second motor 
18 are indirectly connected to each other via another 
control line 21 and another amplifier 50 (inverter) in the 
control panel 200. The high-pressure processing, such 
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as pressure crystallization, is thus continuously carried 
out while recovering or saving the power from the sec- 
ond motor 18 as electrical energy. 
[0150] Also, the rotation of the second motor 18 is 
controlled in accordance with a pressure signal from the 
pressure sensor 8b, which is tal<en in through a signal 
line 20. The pressure signal may be supplied from the 
pressure sensor 8 or 8a. 

[0151] When taking out, as electrical energy, the pow- 
er from the second motor 18 for depressurization, the 
energy is not always recovered depending on the selec- 
tion of the motor and the setup of the control system. In 
any case, however the second motor 18 requires a 
much smaller amount of electrical energy than required 
by the main drive motor 3 for the pressurizing pump 1 . 
[0152] Incidentally, the amplifier 50 (inverter) for the 
second motor 18 has a regeneration terminal through 
which a regeneration current is taken out to the outside. 
[0153] The depressurizing pump 2 is connected to the 
piping 5 in such a condition that the suction side is sub- 
jected to a higher pressure and the delivery side is sub- 
jected to a lower pressure. Therefore, the control means 
100 is constituted by the main drive motor 3 of the pres- 
surizing pump 1 and the second motor 18 of the depres- 
surizing pump 2. 

[0154] A first example of the operation of the sixth em- 
bodiment shown in Fig. 6 will now be described. Herein, 
the main drive motor 3 of the pressurizing pump 1 and 
the second motor 18 of the depressurizing pump 2 are 
inverter-controlled motors. 

[0155] The feedstock 25 is fed into the piping 5 from 
the supply tank 9 with rotation of the pressurizing pump 
1 driven by the main drive motor 3. By setting the deliv- 
ery rate of the depressurizing pump 2 to be smaller than 
that of the pressurizing pump 1 , the pressure in the pip- 
ing 5 is gradually increased. 

[0156] When the piping 5 is brought into the state un- 
der high pressure, the second motor 1 8 starts to rotate 
as a motor with the pressure applied from the feedstock 
25, and the generated power is recovered as electrical 
energy by the amplifier 50 (inverter) having the regen- 
eration terminal through the second motor 18. Accord- 
ingly, the system can be operated with saving of the total 
electrical energy required by the main drive motor 3 and 
the second motor 18. 

[0157] Next, a second example of the operation of the 
sixth embodiment shown in Fig. 6 will be described. In 
the arrangement of Fig. 6, at least the second motor 1 8 
of the depressurizing pump 2 is constituted as a serve 
motor. The pressure in the piping 5, which depends on 
the rotational speed of the servo motor, is detected by 
the pressure sensor 8b attached to the piping 5, and the 
rotational speed of the second motor 18 is electrically 
controlled in accordance with the value of a pressure 
signal from the pressure sensor 8b. The main drive mo- 
tor 3 of the pressurizing pump 1 is constituted by an or- 
dinary inverter-controlled motor so as to provide stable 
and strong rotation. 



[0158] With this second example of the operation, me- 
chanical hardware Is simplified and the rotation control, 
i.e., the control of the pressure in the piping 5, is per- 
formed using the known control technology that has 
5 been remarkably developed In recent days. 

[0159] The rotation control of the main drive motor 3 
is performed in accordance with a flow rate command 
value applied from the outside (through the control line 
19), and the rotation control of the second motor 18 is 
performed In accordance with a flow rate command val- 
ue (applied through the control line 21) based on the 
pressure signal applied from the pressure sensor 8b 
(through the signal line 20). The pressure signal may be 
applied from the pressure sensor 8 or 8a. 
[0160] Next, a third example of the operation of the 
sixth embodiment shown in Fig. 6 will be described. This 
third example of the operation is basically similar to the 
above-described second example of the operation ex- 
cept for the following points. 

[0161] The motors 3, 18 in Fig. 5 are each constituted 

as a servo motor. 

[0162] The overall flow rate of the feedstock (overall 
delivery rate) is adjusted by controlling the speed of the 
main drive motor 3 in accordance with a flow rate com- 
mand value applied from the outside (through the con- 
trol line 19). 

[0163] The pressure in the piping 5 is detected by the 
pressure sensor 8, 8a or 8b and is adjusted by electri- 
cally controlling the rotational speed of the second motor 
18 in accordance with the value of a pressure signal 
from the pressure sensor 8, 8a or 8b. More specifically 
a speed difference between both the motors 3, 1 8 is de- 
tected by encoders (though not shown, well-known 
speed and rotation detectors) built in the motors 3, 18, 
and the speed difference is precisely servo-controlled 
to thereby control the speed of the second motor 1 8. In 
this case, the speed of the main drive motor 3 is em- 
ployed as a reference one, and therefore the speed of 
the second motor 18 is made variable. 
[0164] When the pressure in the piping 5 is lower than 
the setting value, the speed of the second motor 18 is 
reduced to raise the pressure in the piping 5. Converse- 
ly, when the pressure in the piping 5 is higher than the 
setting value, the speed of the second motor 18 is in- 
creased to lowerthe pressure in the piping 5. In the latter 
case, the control line 21 is employed. 
[0165] Further, when varying the overall flow rate, the 
speed of the main drive motor 3 is slowly changed. At 
this time, since the pressure in the piping 5 is adjusted 
based on the speed difference between the drive shafts 
of the pumps 1 , 2, the speed of the second motor 1 8 is 
also changed following the change in the speed of the 
main drive motor 3. As a result, the overall flow rate is 
varied while the pressure in the piping 5 is maintained 
at the same level. 

[0166] Generally, in spite of the flow rate being varied, 
the amount of internal leak in each pump is kept sub- 
stantially constant if the pressure in the piping 5 is con- 
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stant. Thus, when the overall flow rate is varied, the 
speeds of the two motors 3, 1 8 are changed while the 
speed difference between them is kept constant. 
[0167] The operation of this sixth embodiment is 
equivalent to the case where the speed regulator 4 in 
the first embodiment of Fig. 1 is electrically constructed 
using a servo motor. 

[0168] In the second and third examples of the oper- 
ation described above, a command for the entire flow 
rate may be instructed to the second motor 2, and the 
speed of the main drive motor 3 may be changed in a 
following manner. 

EMBODIMENT/ 

[0169] The pumps 1 , 2 may be arranged at any de- 
sired positions along the piping depending on a portion 
that requires a high pressure to be created therein. For 
example, when a high pressure is required only in the 
processing container 6a, the pumps 1 , 2 may be ar- 
ranged respectively upstream and downstream of the 
processing container 6a. One example of this arrange- 
ment is shown in Fig, 7 as a seventh embodiment, In 
the seventh embodiment, a low-pressure pump 26 is 
provided to feed the feedstock to the processing con- 
tainer 6. 

EMBODIMENTS 

[0170] While one pair of pumps 1 , 2 are provided in 
the above sixth embodiment, the pumps may be provid- 
ed in any desired number of sets depending on the sys- 
tem arrangement, i.e., the number of processing con- 
tainers which are provided in the system and required 
to be held under high pressure. One example of this ar- 
rangement is shown in Fig. 8 as an eighth embodiment. 
In the eighth embodiment, pumps P1 , P2 and P3 are 
operated by separate and independent motors 2, 18, 
18', shown in Fig. 8, under electrical speed control so 
as to set respective pressures required in processing 
containers 6a, 6b. In the illustrated example, the 
processing container 6a is set to a high pressure and 
the processing container 6b issettoamedium pressure. 
[01 71 ] Preferably, the pumps 1 , 2 are directly coupled 
with each other or arranged in close relation so that the 
length of a drive shaft of each pump to the main drive 
motor 3 is shortened and the driving mechanism is sim- 
plified. This arrangement contributes to reducing the 
size and cost of the apparatus. 

[0172] The main drive motor 3 may be of the double- 
axis type. By using such a double-axis motor, the pumps 
1 , 2 can be arranged on both sides of the motor, and 
therefore only the speed regulator 4 is needed because 
the driving distributor 10 is no longer required. 
[0173] While the above description is premised on 
that the delivery rates (flow rates) of the pressurizing 
pump 1 and the depressurizing pump 2 are selected to 
be substantially equal to each other, the delivery rate of 



the depressurizing pump 2 may be set to a smaller value 
beforehand than that of the pressurizing pump 1 in con- 
sideration of an internal leak of the pump. 
[0174] While the above-described system is con- 
5 structed using the two processing containers 6, 6a, a 
single or three or more processing containers may be 
provided. 

[0175] The high -pressure state is described above as 
being under pressure of 40 MPa. However, there is no 
10 upper limit of the applied pressure, and the present in- 
vention is applicable to a system brought into the state 
under several hundreds MPa. 

[0176] Further, in connection with the related art, sev- 
eral examples of the processing method using a throttle 

15 or utilizing a pipe (flow) resistance are described and 
the reasons why those methods have a difficulty in pres- 
sure adjustment are explained above. By assembling 
those methods in part of the system according to the 
present invention, however, those methods can be prac- 

20 ticed to achieve the pressure adjustment, and at the 
same time a high-pressure load imposed on the depres- 
surizing pump 2 can be reduced. One example of such 
an arrangement is shown in Fig. 9 as a ninth embodi- 
ment. This ninth embodiment is effective in reducing the 

25 load of the depressurizing pump 2 that is imposed under 
a high processing pressure in the range of 40 MPa to 
several hundreds MPa. 

EMBODIMENT 9 

30 

[0177] Also, in the ninth embodiment of Fig. 9, taking 
into consideration that a line resistance 57, a throttle 58 
and the depressurizing pump 2 cannot rapidly release 
the pressure in the event of an abnomial condition , pairs 
35 of bypassing circuits 55, 55' and valves 56, 56' are dis- 
posed for safety in parallel respectively to the line resist- 
ance 57 and the depressurizing pump 2 and to the throt- 
tle 58. The valves 56, 56' are operated to open by a 
spring in the event of an abnormal condition, such as a 
40 power outage, or by a motor in accordance with a control 
signal during the operation, thereby making the system 
open to release the pressure rapidly. Further, while the 
arrangement shown in Fig. 1 0 includes both the line re- 
sistance 57 and the throttle 58, one of them may be up- 
45 stream or downstream of any of the processing contain- 
ers 6, 6a and 6b. The throttle 58 may be replaced by a 
depressurizing pump or the like. 
[0178] Additionally, according to the method for pro- 
ducing an oil-and-fat composition under a high-pressure 
50 condition, the size of crystal particles becomes finer as 
a result of pressure crystallization, and the amount of 
crystals is increased. Thus, such a production method 
is effective in improving a whip property and spreada- 
bility in roll-in applications. 

55 

EMBODIMENT 10 

[0179] A tenth embodiment of the present invention 
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shown in Fig. 10 will be described below. In Fig. 10, a 
liquid feedstock 25, wliich has a relatively high viscosity 
and comprises plural kinds of raw materials for foods, 
pharmaceuticals, cosmetics, etc. in the form of an oil- 
and-fat composition , for example, is introduced to a sup- 
ply tank 9 along with other mixed materials or additives. 
The supply tank 9 is provided with an agitator 25a for 
agitating the feedstock 25. A pressurizing pump 1 is dis- 
posed downstream of the supply tank 9 and connected 
to it by a pipe through a low-pressure pump 26 and a 
plurality, two in Fig. 10, of temperature adjusting units 
27, 27a that are arranged in series. The temperature ad- 
justing units 27, 27a are coolers using coolants and in- 
clude temperature indicators T1 . The pressurizing pump 
1 is constituted by, e.g., a plunger pump capable of de- 
livering a high pressure, and is driven by a drive motor 3, 
[0180] Downstream of the pressurizing pump 1 , a plu- 
rality, two in Fig. 10, of processing container 6, 6a are 
arranged in series and interconnected by pipes (piping) 
5. These first and second processing containers 6, 6a 
are provided with agitators 6 A rotated by respective 
drive motors, and are constructed to be able to adjust 
temperatures in their inner spaces using coolants 110. 
A safety valve 12 is disposed between the pressurizing 
pump 1 and the first processing container 6. Also, pres- 
sure sensors 8, 8a are disposed on the inlet sides of the 
processing containers 6, 6a, and temperature indicators 
T1 are disposed on the outlet sides thereof. 
[0181] A flow resistance 59 is disposed downstream 
of the second processing container 6a and is connected 
to it by pipes (piping) 5. The flow resistance 59 is con- 
structed by coupling a zigzag line (line resistance) 57 
immersed in cooling water 61 , for example, and a throt- 
tle valve 58 having the adjusting function to each other 
in series. The zigzag line 57 is constructed by using a 
long pipe that has the same or a smaller diameter as or 
than the pipes 5, and shaping it into the zigzag form. 
Also, the zigzag line 57 is constructed to be able to ad- 
just temperature using cold water, a coolant, hot water, 
or steam. Further, a pressure- re I ease bypassing circuit 
55 and an adjusting valve 56 are provided in parallel to 
the flow resistance 59. The adjusting valve 56 and the 
throttle valve 58 having the adjusting function are both 
connected to the pressure sensor 8a, which is disposed 
on the inlet side of the processing container 6a, so that 
they can be operated in accordance with a readout sig- 
nal from the pressure sensor 8a. An air purge valve 13 
is attached to the pipe 5 between the processing con- 
tainer 6a and the flow resistance 59. A cooling container 
62 is disposed downstream of the flow resistance 59 and 
is connected to it by a pipe. The cooling container 62 is 
provided with an agitator rotated by a dhve motor so that 
the feedstock 25 having been processed under high 
pressure is uniformly cooled. A shaping and packaging 
apparatus (not shown) for the processed and cooled 
feedstock 25 is disposed downstream of the cooling 
container 62 and connected to it. 
[0182] The operation of this tenth embodiment having 



the above-described arrangement will be described be- 
low. When producing food made of an oil-and-fat com- 
position, for example, edible oils and fats, listed below, 
and other raw materials are employed as the feedstock 
5 25. The usable edible oils and fats are those ones usu- 
ally employed in oil-and-fat processed products, e.g., 
natural oil (such as animal oil, vegetable oil and milk fat) 
and hydrogenated oil thereof, fractional oil, interesteri- 
fication oil, and randomization oil in the sole or mixed 
10 form. These oils and fats are used either alone or as a 
W/0 emulsion emulsified with water. Further, the feed- 
stock may be mixed with other additives such as flavor 
ingredients, essences, nutrients, emulsifiers, viscosity 
improvers, and antioxidants. Those materials are intro- 
15 duced as the feedstock 25 to the supply tank 9 and are 
mixed under agitation for homogenization. 
[0183] The feedstock 25 having been mixed homoge- 
neously in the supply tank 9 is sucked by the low-pres- 
sure pump 6 and delivered to the pressurizing pump 1 
20 through the temperature adjusting units 27, 27a. Until 
reaching the pressurizing pump 1, the temperature of 
the feedstock 25 is adjusted to a predetermined value 
by the temperature adjusting units 27, 27a. The temper- 
ature adjustment is performed in accordance with the 
25 readouts of the temperature indicators T1 . The feed- 
stock 25 is pressurized by the pressurizing pump 1 and 
then delivered to the processing containers 6, 6a under 
pressure. The feedstock 25 resides in the processing 
containers 6, 6a for a predetermined period of time dur- 
30 ing which the feedstock is kept cooled to a predeter- 
mined temperature under agitation while it is maintained 
in the state pressurized to a predetermined level of high 
pressure. The feedstock 25 is thereby subjected to 
processing such as sterilization and pressure crystalli- 
35 zation. The processing is continuously carried out in the 
high-pressure state in the range of 1 0 MPa - 150 MPa 
or at a level as high as several hundreds MPa depending 
on cases, while the feedstock 25 flows through the two 
(or more if necessary) processing containers 6, 6a suc- 
40 cessively. The predetermined level of high pressure is 
maintained by adjusting the opening degree of the throt- 
tle valve 58 having the adjusting function in accordance 
with the readout of the pressure sensor 8a. The prede- 
termined temperature is maintained through adjustment 
45 using the readouts of the temperature indicators T1 . 
[0184] After residing in the processing containers 6, 
6a for the predetermined period of time, the processed 
feedstock 25 is delivered from the processing contain- 
ers 6, 6a and reaches the flow resistance 59 through the 
50 piping 5. In the flow resistance 59, the feedstock 25 is 
depressurized while passing through the line resistance 
57 and the throttle valve 58 having the adjusting func- 
tion. During the passage through the line resistance 57, 
the feedstock 25 is cooled or heater as required; e.g. , if 
55 the viscosity is too high, it is heated. The feedstock 25 
is slowly depressurized by the line resistance 57, but it 
is rapidly depressurized by the throttle valve 58 having 
the adjusting function. A temperature increase of the 
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feedstock upon depressurization at the throttle valve 58 
is cooled in the cooling container 62, whereby the con- 
tinuous high-pressure processing is ended. The flow re- 
sistance 59 comprising the line resistance 57 and the 
throttle valve 58 having the adjusting function are not 
suitable for coping with, e.g., the ennergent case where 
the pressure nnust be lowered down in a short time. The 
adjusting valve 56 in the bypassing circuit 55 is opened 
in any of those cases where a rapid pressure adjustment 
is required, the entire system is cleaned for replacement 
of the feedstocl< 25, or the pressure must be lowered 
down urgently upon an abrupt pressure increase. In the 
event of such an abnormal pressure increase as not be- 
ing dealt with the opening of the adjusting valve 56, the 
safety valve 12 is opened. 

[01 85] I n the above-described arrangement, the tem- 
perature adjusting units 27, 27a can be constructed so 
as to perform sterilization at high temperatures in one 
unit and to perform cooling in the other unit. The pres- 
surizing pump 1 may be any of various types of pumps 
such as piston, plunger and gear pumps. The process- 
ing containers 6, 6a are each constructed to be able to 
adjust the agitating speed and the cooling temperature 
as needed depending on the state of the feedstock 25 
during processing. The number of processing contain- 
ers is not limited two as shown in Fig. 10, the system 
may comprise a single or three or more processing con- 
tainers depending on the kind of the feedstock 25 or the 
processing conditions. While the throttle valve 58 is il- 
lustrated, by way of example, as a variable throttle valve 
in the above embodiment, it may be replaced by a noz- 
zle, a pressure reducing valve, or a sequence valve. By 
employing, e.g., a valve of the type capable of automat- 
ically adjusting pressure with an electrical signal or pilot 
pressure, it is possible to realize automatic operation. A 
plurality of adjusting valves 56 may be arranged in par- 
allel such that at least one of the adjusting valves 56 is 
used for adjustment of the opening degree and the other 
one(s) is used for the urgent on/off case. The pressure 
sensors 8, 8a can be disposed on the outlet sides of the 
processing containers 6, 6a or appropriate positions 
along the piping 5. The pressure signal for use in the 
pressure adjustment may be obtained from any of the 
pressure sensors 8, 8a. 

EMBODIMENT 11 

[0186] An eleventh embodiment shown in Fig. 11 is 

the same as the tenth embodiment shown in Fig. 1 0 ex- 
cept for the flow resistance 59. Only the different ar- 
rangement will be described below. A line resistance 57 
is disposed downstream of the second processing con- 
tainer 6a and is connected to it by pipes (piping) 5. The 
line resistance 57 is constructed by appropriately com- 
bining pipes that have the same or a smaller diameter 
as or than the pipes 5, and shaping a long pipe into the 
zigzag form, The zigzag pipe is shunted to the outlet at 
plural points (two in Fig. 11) in its intemnediate portion, 



and valves 60a, 60b capable of being operated sepa- 
rately are disposed in the shunted paths. Also, the line 
resistance 57 is constructed to be able to adjust temper- 
ature using cold water, a coolant, hot water, or steam. 

5 [0187] The operation of this eleventh embodiment 
having the above-described arrangement will be de- 
scribed below. After residing in the processing contain- 
ers 6, 6a for the predetermined period of time, the proc- 
essed feedstock 25 is delivered from the processing 

10 containers 6, 6a and reaches the line resistance 57 
through the piping 5. The feedstock 25 is depressurized 
while passing through the line resistance 57. In the flow 
resistance 59, depending on the degree of depressuri- 
zation required for the feedstock 25, the flow length of 

15 the feedstock 25 is selected to set a desired value of 
flow resistance by opening and closing the valves 60a, 
60b in a properly combined manner. For example, by 
closing both the valves 60a, 60b in Fig. 11 , a maximum 
resistance value is provided. Also, a minimum resist- 

20 ance value is provided by opening only the valve 60a 
on the upstream side, and a medium resistance value 
is provided by opening only the valve 60b on the down- 
stream side. Further, by constructing each of the valves 
60a, 60b to be able to adjust its opening degree, the 

25 resistance value can be continuously adjusted with 
combination of the respective opening degrees of both 
the valves. The feedstock 25 is cooled or heated as re- 
quired; e.g., if the viscosity is too high, it is heated. Since 
the viscosity of the feedstock 25 Is changed and a value 

30 of the flow resistance is controlled by cooling or heating 
the line resistance 57, the pressure adjustment of the 
entire system can be performed with the temperature 
adjustment of the line resistance 57. In addition, by de- 
tecting the line pressures upstream of the valves 60a, 

35 60b and operating them in accordance with detected 
values so as to adjust the line pressures, it is possible 
to realize automatic operation. 

EMBODIMENT 12 

40 

[0188] Fig. 12 shows a twelfth embodiment of the 
present invention. Only the different arrangement from 
that of the tenth embodiment shown in Fig. 10 will be 
described below. The throttle valve 58 having the ad- 

45 justlngfunction, which constitutes the flow resistance 59 
in the tenth embodiment, and the bypassing circuit 55 
including the adjusting valve 56 are both disposed be- 
tween the two processing containers 6 and 6a. With this 
arrangement, two steps of high-pressure processing 

50 can be performed while maintaining a desired residing 
time of the feedstock 25 in each processing container. 
Also, a large amount of heat is imposed on the feedstock 
25 when it passes through the throttle valve 58 having 
the adjusting function, but the thus-heated feedstock 25 

55 is cooled down in the subsequent processing container 
6a. Accordingly, the cooling container 62 used in the 
tenth and eleventh embodiments can be dispensed 
with. 
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[0189] The above-described twelfth embodiment may 
be modified as follows depending on characteristics of 
the feedstocl< 25 to be processed. In the arrangement 
of Fig. 12, instead of the throttle valve 58 having the ad- 
justing function, the line resistance 57 may be disposed 
only between the processing containers 6 and 6a. Also, 
while the line resistance 57 is constructed in the form of 
a zigzag pipe in the arrangement of Fig. 12, it may be 
formed of a linear pipe when the pipe length until the 
shaping and packaging apparatus of the subsequent 
stage is long. 

INDUSTRIAL ADVANTAGES 

[0190] The continuous high-pressure processing 

method and apparatus according to the present inven- 
tion, which are constituted as shown in Fig. 1 to 9, have 
the following advantages. 

(1 ) The depressurizing pump is disposed at a down- 
stream position of the piping that is connected at an 
upstream position to the pressurizing pump for 
pressurizing the feedstock fed through the piping, 
and the delivery rate of the pressurizing pump is set 
to be larger than that of the depressurizing pump. 
Therefore, a high pressure can be maintained in the 
piping and processing such as pressure crystalliza- 
tion can be continuously performed. 

(2) A sealing portion of the depressurizing pump 
(motor) extends over several teeth or several steps 
when it is, for example, a gear pump. Therefore, the 
pressure is reduced progressively and components 
of the feedstock are changed to a lesser extent. Al- 
so, unlike the case of using a throttle for depressu- 
rization (through which all of the flow rate passes), 
a pressure release takes place upon part of the flow 
rate leaking through the sealing portion of the de- 
pressurizing pump, and hence a change of the com- 
ponents is reduced as a whole. 

(3) In particular, pressure energy is recovered from 
the depressurizing pump and the recovered power 
can be used to operate the pressurizing pump. As 
a result, the overall power required for the main 
drive motor is reduced and saving of energy is pro- 
moted. 

(4) Any desired section of the piping located be- 
tween the pressurizing pump and the depressuriz- 
ing pump can be brought into the state under high 
pressure, and only such a section of the piping re- 
quires to be constituted by equipment resistant 
against high pressure, whereas the remaining sec- 
tion can be designed using relatively inexpensive 
low-pressure equipment. The overall equipment 
cost is therefore cut down, 

(5) A production line for an oil-and-fat composition 
is described above as one example, but the present 
invention is also applicable to a pressure crystalli- 
zation line for other foods, pharmaceuticals, etc. 



(6) There is no upper limit on the applied pressure, 
and the present invention is applicable to even a 
system brought into the state under several hun- 
dreds IVIPa. 

5 (7) The present invention can also be applied to a 
line for sterilization under high pressure. 
(8) Depressurizing energy produced by the depres- 
surizing pump is taken out to the outside. Therefore, 
the feedstock is less heated and changes of the 

10 feedstock components are restrained. 

[0191] The continuous high-pressure processing 
method and apparatus according to the present inven- 
tion, which are constituted as shown in Fig. 10 to 12, 
15 have the following advantages. 

(1) Since a depressurizing section is constituted by 
the flow resistance, the number of moving parts is 
lessened and the pressure adjustment of the appa- 

20 ratus for processing a feedstock having a high vis- 
cosity can be more easily made. 

(2) Correspondingly, the equipment cost of the ap- 
paratus can be cut down. 

(3) Since the flow resistance is constituted by the 
25 line resistance, depressurization takes place slowly 

and heating of the feedstock is suppressed. As a 
result, changes in characteristics of the feedstock 
can be restrained. 

(4) Since the cooling container is disposed down- 
30 stream of the throttle valve having the adjusting 

function, heating of the feedstock can be cooled 
down at once and changes in characteristics of the 
feedstock can be more effectively restrained. 

(5) Since part of the flow resistance is constituted 
35 by the throttle valve having the adjusting function,. 

which is able to automatically control pressure, au- 
tomatic operation of the apparatus can be realized. 

(6) Since the bypassing circuit is disposed in paral- 
lel to the flow resistance, the pressure can be rap- 

40 idly lowered down in the event of an abnormal pres- 
sure rise, and hence safety of the apparatus is se- 
cured. 



45 Claims 

1. A continuous high-pressure processing method 
comprising the steps of: 

50 supplying a feedstock continuously from a sup- 

ply tank to a processing container through a 
pressurizing pump; 

discharging the processed feedstock from said 
processing container through a depressurizing 
55 pump disposed in piping; and 

setting a first delivery rate of said pressurizing 
pump to be larger than a second delivery rate 
of said depressurizing pump. 
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whereby the interiors of said processing con- 
tainer and said piping are maintained in a liigli-pres- 
sure state. 

2. A continuous liigli-pressure processing method ac- 
cording to Claim 1 , further comprising the step of 
coupling drive shafts of said pressurizing pump and 
said depressurizing pump to each other in a me- 
chanically or electrically controllable manner. 

3. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
connecting said pressurizing pump and said de- 
pressurizing pump to a main drive motor and a driv- 
ing distributor, providing a speed regulator in one 
downstream branch from said driving distributor, 
and setting a first driving speed of said pressurizing 
pump to be higher than a second driving speed of 
said depressurizing pump. 

4. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
connecting said pressurizing pump and said de- 
pressurizing pump to a main drive motor and a driv- 
ing distributor, providing an auxiliary pressurizing 
pump, which has a smaller delivery rate than said 
pressurizing pump, in parallel to said pressurizing 
pump, and connecting a delivery portion of said 
auxiliary pressurizing pump to the outlet side of said 
pressurizing pump. 

5. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
connecting said pressurizing pump and said de- 
pressurizing pump to one main drive motor in se- 
ries, providing an auxiliary pressurizing pump, 
which has a smaller delivery rate than said pressu- 
rizing pump, in association with said pressurizing 
pump, and connecting a delivery portion of said 
auxiliary pressurizing pump to the outlet side of said 
pressurizing pump. 

6. A continuous high-pressure processing method ac- 
cording to any one of Claims 1 to 5, further compris- 
ing the steps of attaching a pressure sensor to said 
piping, andcontrollingthe high-pressure state in ac- 
cordance with a pressure signal from said pressure 
sensor. 

7. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
connecting said pressurizing pump and said de- 
pressurizing pump to one main drive motor through 
a driving distributor, and constituting any of said 
pressurizing pump and said depressurizing pump 
to be of the variable displacement type. 

8. A continuous high-pressure processing method ac- 



cording to Claim 1 , further comprising the steps of 
connecting said pressurizing pump to one main 
drive motor through a driving distributor, connecting 
any of said depressurizing pump and said pressu- 
5 rizing pump to said driving distributorthrough a gear 
box, and setting a gear ratio of said gear box such 
that delivery rates of both said pumps are in match 
with each other. 

10 9. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
driving said pressurizing pump by a main drive mo- 
tor, driving said depressurizing pump by a second 
motor independent of said main drive motor, and 

15 supplying power from said second motor, as elec- 
trical energy, to said main drive motor. 

10. A continuous high-pressure processing method ac- 
cording to any one of Claims 1 to 9, further compris- 

20 ing the step of heating or cooling said processing 
container. 

11. A continuous high-pressure processing method ac- 
cording to any one of Claims 1 to 10, wherein said 

25 feedstock is any of foods and pharmaceuticals. 

12. A continuous high-pressure processing apparatus 
comprising: 

30 a pressurizing pump for supplying a feedstock 

continuously from a supplytankto a processing 
container; 

a depressurizing pump disposed in piping 
downstream of said processing container; and 
35 control means for controlling delivery rates of 

both said pumps, 

said control means controlling a first delivery 
rate of said pressurizing pump to be larger than 
a second delivery rate of said depressurizing 
40 pump. 

13. A continuous high-pressure processing apparatus 
according to Claim 12, wherein said control means 

comprises a driving distributor connected between 
45 both said pumps and a main drive motor, and a 
speed regulating motor connected to said driving 
distributor. 

14. A continuous high-pressure processing apparatus 
50 according to Claim 12, wherein said control means 

comprises a driving distributor connected between 
said pressurizing pump and a main drive motor, said 
depressurizing pump being connected to said driv- 
ing distributor, and an auxiliary pressurizing pump 
55 connected in parallel to said pressurizing pump and 
having asmaller delivery rate than said pressurizing 
pump, a delivery portion of said auxiliary pressuriz- 
ing pump being connected to the outlet side of said 
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pump. 

23. A continuous high-pressure processing apparatus 
according to Clainn 12, wherein said control means 

5 comprises a second motor for driving said depres- 
surizing pump, said second motor being Independ- 
ent of a main drive motor for driving said pressuriz- 
ing pump, and a control line and an ampllflerfor re- 
covering power from said second motor as electri- 

10 cal energy or saving the power for economy of en- 
ergy. 

24. A continuous high-pressure processing method 
comprising the steps of: 

15 

pressurizing a feedstock In a supply tank by a 
pressurizing pump and supplying thefeedstock 
continuously to a processing container; 
discharging the processed feedstock continu- 
20 ously from said processing container through a 

flow resistance under depressurlzatlon, said 
flow resistance being able to adjust pressure; 
and 

providing a pressure- re lease bypassing circuit 
25 in parallel to said flow resistance, 



pressurizing pump. 

15. A continuous high-pressure processing apparatus 
according to Claim 12, wherein said pressurizing 
pump and said depressurlzing pump are connected 
in series to said main drive motor, and said control 
means comprises an auxiliary pressurizing pump 
connected In parallel to said pressurizing pump, a 
delivery portion of said auxiliary pressurizing pump 
being connected to the outlet side of said pressu- 
rizing pump. 

16. A continuous high-pressure processing apparatus 
according to Claim 12, wherein said control means 
comprises a driving distributor for connecting said 
pressurizing pump and said depressurizing pump 
to a main drive motor, any of said pumps being of 
the variable displacement type. 

17. A continuous high-pressure processing apparatus 
according to Claim 12, wherein said control means 
comprises a second motor for driving said depres- 
surizing pump, said second motor being independ- 
ent of a main drive motor for driving said pressuriz- 
ing pump, and a control line for supplying power 
from said second motor, as electrical energy, to said 
main drive motor. 

18. A continuous high-pressure processing apparatus 
according to Claim 12, wherein said processing 
container includes heating means and/or cooling 
means. 

19. A continuous high-pressure processing apparatus 
according to any one of Claims 12 to 18, further 
comprising a pressure sensor attached to said pip- 
ing. 

20. A continuous high-pressure processing method ac- 
cording to Claim 6, further comprising the steps of 
attaching a plurality of pressure sensors to said pip- 
ing, and employing a pressure signal from any of 
said pressure sensors. 

21. A continuous high-pressure processing method ac- 
cording to Claim 1 , further comprising the steps of 
driving said pressurizing pump by a main drive mo- 
tor, driving said depressurizing pump by a second 
motor independent of said main drive motor, and re- 
covering power from said second motor as electri- 
cal energy or saving the power for economy of en- 
ergy. 

22. A continuous high-pressure processing method ac- 
cording to any one of Claims 1 to 11, further com- 
prising the step of providing a throttle valve and/or 
a line resistance in part of said piping, thereby re- 
ducing a load imposed on said depressurizing 



whereby the interior of said processing con- 
tainer Is maintained in a state under a predeter- 
mined high pressure for continuous processing 
30 therein. 

25. A continuous high-pressure processing method ac- 
cording to Claim 24, further comprising the step of 
adjusting a temperature of said processing contain- 

35 er to heat or cool the feedstock In said processing 
container. 

26. A continuous high-pressure processing method ac- 
cording to Claims 24 or 25, further comprising the 

40 step of cooling the processed feedstock In a cooling 
container downstream of said flow resistance. 

27. A continuous high-pressure processing method ac- 
cording to any one of Claims 24 to 26, further com- 

45 prising the steps of providing a plurality of process- 
ing containers connected to each other in series, 
and providing said flow resistance and said pres- 
sure-release bypassing circuit between said 
processing containers, whereby the interiors of said 
50 processing containers are maintained in states un- 
der high pressures changing step by step. 

28. A continuous high-pressure processing method ac- 
cording to any one of Claims 24, 25, 27 further com- 

55 prising the steps of providing said flow resistance 
in the form of a line designed to have a specific pipe 
length and/or pipe diameter, and switching on/off a 
plurality of valves disposed in said line to change 
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the length of said line for changing a resistance val- 
ue, whereby the interior of said processing contain- 
er is maintained in a state under the predetermined 
high pressure. 

29. A continuous high-pressure processing method ac- 
cording to any one of Claims 24 to 28, wherein said 
flow resistance is constituted as a throttle valve. 

30. A continuous high-pressure processing method ac- 
cording to any one of Claims 24 to 29, further com- 
prising the step of controlling a resistance value of 
said flow resistance in accordance with a pressure 
signal from a pressure sensor attached to said 
processing container or a piping connected to said 
processing container, whereby the interior of said 
processing container is maintained in a state under 
a predetemnined high pressure. 

31. A continuous high-pressure processing apparatus 
comprising: 

a supply tank for storing a feedstock and agi- 
tating the feedstock therein for homogeniza- 
tion; 

a pressurizing pump for sucking the feedstock 
in said supply pump and supplying the sucked 
feedstock continuously to a processing con- 
tainer under pressure; 

said processing container for holding the feed- 
stock to reside therein in a high-pressure state 
for a predetermined period of time while the 
feedstock is agitated for homogenization; 
a flow resistance for discharging the processed 
feedstock continuously from said processing 
container under depressurization, said flow re- 
sistance being able to adjust pressure; 
a pressure-release bypassing circuit provided 
in parallel to said flow resistance; and 
piping connected to said processing container, 

whereby the interior of said processing con- 
tainer is maintained in a state under a predeter- 
mined high pressure for continuous processing 

therein. 

32. A continuous high-pressure processing apparatus 
according to Claim 31, wherein said processing 
container has the temperature adjusting function to 
heat or cool the feedstock in said processing con- 
tainer. 

33. A continuous high-pressure processing apparatus 
according to Claims 31 or 32, further comprising a 
cooling container downstream of said flow resist- 
ance to cool the processed feedstock. 

34. A continuous high-pressure processing apparatus 



according to any one of Claims 31 to 33, wherein a 
plurality of processing containers are connected to 
each other in series, and said flow resistance and 
said pressure-release bypassing circuit are provid- 
5 ed between said processing containers, whereby 
the interiors of said processing containers are main- 
tained in states under high pressures changing step 
by step. 

10 35. A continuous high-pressure processing apparatus 

according to any one of Claims 30, 31 , 33, wherein 
said flow resistance comprises a line designed to 
have a specific pipe length and/or pipe diameter, 
and a plurality of valves disposed in said line, said 
15 valves being switched on/off to change a resistance 
value, whereby the interior of said processing con- 
tainer is maintained in a state under a predeter- 
mined high pressure. 

20 36. A continuous high-pressure processing apparatus 

according to any one of Claims 31 to 35, wherein 
said flow resistance is constituted as a throttle 
valve. 

25 37. A continuous high-pressure processing apparatus 
according to any one of Claims 31 to 36, further 
comprising a pressure sensor attached to said 
processing container or a piping connected to said 
processing container, a resistance value of said 

30 flow resistance being controlled in accordance with 
a pressuresignal from said pressure sensor, where- 
by the interior of said processing container is main- 
tained in a state under a predetermined high pres- 
sure. 
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